Abstract-In this special section we report on the workshop Standards in Emotion Modeling held in August 2011, Leiden, The Netherlands. An important goal of this workshop was to identify challenges related to the development and evaluation of computational models of affective processes. These challenges were approached from a psychological and a computational modeling perspective. In this introduction we present a summary of the results of this week-long workshop. In addition to that, we are proud to present an invited contribution that proposes solutions to several of these challenges.
INTRODUCTION
A FFECTIVE computing [6] , [15] , [16] has grown to be a vibrant cross-disciplinary field of research, as evidenced by this journal. A key area of research within affective computing is concerned with computational modeling of affective processes (for a review see also [12] ). This area addresses fundamental questions, including:
. Where do emotions come from? This question is typically addressed by computational modeling of emotion elicitation. . What are emotions "used" for? This question is typically addressed by computational modeling of effects of emotion on cognition and behavior. . How do affective phenomena relate to each other?
This question is addressed by computational modeling of the relation between emotion, mood, personality, attitude, etc. These questions can be approached from an applied and a theoretical perspective [4] . The applied perspective focuses on using the computational model in some concrete form, for example as a model that drives the generation of emotions in an intelligent virtual character. The theoretical perspective focuses on a better understanding of affective processes per se through the use of computational modeling, for example, a model that implements and tests hypotheses about when, where and how fear and sadness arise. The applied and theoretical perspectives are by no means mutually exclusive [4] , quite the contrary, as the application of such models also involves testing them, potentially shedding light on the underlying affective processes. However, emphasizing one of these two perspectives does focus the research involved in developing the model, and up to this date most computational models of affective processes have a primarily applied goal.
To give some insight into the process of developing computational models of affective processes, consider the following simplified example for the development of a model for emotion elicitation (generation). First, a psychological theory of emotion elicitation is selected, such as OCC [14] or Scherer's stimulus checks [18] . Then the theory is formalized using a formal language or an agent/cognitive architecture, for example using KARO [19] SOAR [10] , or ACT-R [1] . This formalization allows subsequent implementation in the form of a computer program (code), for example cognitive appraisals are encoded within Soar [7] . This program represents a "running" version of the theory of emotion upon which the model was based. The runnable code can be applied in systems that need simulated emotions and can also be used to better understand emotion elicitation.
From an applied perspective this often means that the computational model is embedded in an agent and the agent can be embedded in a task context, enabling the model to produce for humans meaningful output. For example, an intelligent virtual character can express emotions while it negotiates with a human [9] .
From a theoretical perspective this means that the computational model should help to better understand the mechanisms that play a role in the generation and influences of affect [20] . As a computational model is in a real sense a runnable version of a cognitive-affective theory, it can generate predictions derived from that theory and can thus be used to investigate the mechanisms emotion psychology aims to understand [17] .
However, there are three main challenges related to the development and evaluation of computational models of affective processes:
. First, there is the challenge of evaluating whether a model works as intended. Often this is done based on face value (i.e., if the behavior of the virtual agent looks as expected, the underlying computational model is assumed to be a good one), while occasionally this validation is scenario based [13] . Sometimes, formal evaluation techniques are used to analyze the structure of the model while it is still in the formal specification stage [5] , [19] . Finally, model-driven empirical evaluations can be used to compare predictions coming from the model's performance on a task with human subject behavior on the same task [3] , [11] . However, there are no commonly agreed upon protocols for evaluation, nor do benchmark scenarios for testing appropriate emotional behavior exist. . Second, computational models of affective processes are rarely critically analyzed with respect to the models of others (for exceptions see [2] , [8] ). This is partly due to the first challenge, but also simply because, more often than not the scope of the models differs in terms of the aspects of emotional phenomena modeled; they are applied to different domains as well as important assumptions and computational choices made are left undocumented, making it difficult to build upon each other's work. An underlying problem is that it is currently unclear what assumptions and computational mechanisms should be reported on in the first place that might impact a model's workings and output (see also [21] ). . Third, the impact of computational models of affective processes on emotion psychology remains small. Predictive results (e.g., the behavior a computational model produces in a particular simulated situation) are rarely translated back into knowledge that is useful for emotion psychologists. This is exemplified by the relative lack of citations by emotion psychologists to affective computing researchers. An important reason, related to the second challenge, is that the choices made in order to develop the computational model are often ad hoc, implicit, and insufficiently documented. Another reason is that the results are often not discussed in light of emotion psychology in terms relevant to emotion psychology. Many studies lack a discussion of simulation results related to existing emotion theories and experimental findings. As a result, the psychological significance of the outcome of the model is difficult to interpret.
WORKSHOP ON STANDARDS IN EMOTION MODELING
These challenges are major hurdles to take for the further development and impact of computational modeling of affective processes. In this special section we summarize the results of the workshop Standards in Emotion Modeling (SEM2011), and present an article that addresses several of the main workshop challenges. The workshop's aim was to better understand the process of computational modeling of affective processes. In particular, how can computational models be evaluated, comparable to other models, and grounded in psychology in a transparent way so that it is also clear what the boundaries of the model are? This is needed for two main reasons. First, the diversity in computational models of emotion will continue to grow, and diversity is good if we understand what "diversity" in fact means. In other words, we
Second, if computational models of emotion are viewed as mechanisms-oriented instantiations of psychological theories of emotion, then these should be able to tell us something about emotion in the human species and other animals and generate testable hypotheses, but only if we know exactly how the model is built and how it is grounded.
The workshop aimed to advance the discussion of these two aspects. The workshop was visited by 25 participants from seven countries, and had a good mix of senior and junior researchers and psychologically-oriented and computation-oriented individuals. The workshop consisted in part of plenary sessions of invited speakers and submitted paper presentations, and in part of lively discussion about psychological grounding, model validation, standardization of modeling process, and "super models" (models that include different affective phenomena, such as the interplay between mood and emotion).
A major outcome of the workshop is the realization among all participants that computational models of affective processes are experimental tools to gain insight into emotion, and that many of the details needed for developing these models simply are not available in emotion psychology. Hence, instead of asking for these details from psychologists, the models should bring insight and provide directions for follow-up questions. Further, the workshop identified major challenges that need to be addressed to better understand the process of computational modeling. These include:
. What are the benefits and pitfalls of taking either a domain specific or a domain-independent approach towards modeling affect and affective influence (e.g., modeling emotion in teaching situations versus modeling appraisal and applying the model to teaching situations)? . What are the issues in using game-like scenarios as complex stimuli to evaluate models and elicit emotions (e.g., what should a benchmark scenario look like, how do we control for unwanted effects when using scenarios and games on subjects)? . What are the ways in which we can compare alternative models? For example, appraisal theories of emotion and the computational models that realize appraisal typically encompass multiple processes including assessing an event, mapping that assessment to an emotion, and specifying emotions' interaction with behavior and other mental states. Can we use a common decomposition of this appraisal process to decompose the process of evaluating models, to compare alternative models component-by-component, to facilitate the understanding of appraisal theories, or to provide a common implementation framework for theories (e.g., can we agree upon this decomposition, what are the different types of goals, and how do these relate to utility, desire, desirability, (social) values, and appraisal)?
. Can we identify a protocol for the development of a computational model of affective processes (e. (folk) and scientific models of emotion? Finally, with respect to what emotion is from an individual (intrapersonal) perspective we agreed that the following best represents both the psychologists' views as well as the computational modelers' interpretations. Emotion refers to the descriptive label for particular patterns of joint activity of multimodal constituents (e.g., a particular pattern of valence, expression, action, arousal, and appraisal is labeled as happy). The experience of emotion refers to the (conscious) detection (global availability) of such patterns. The function of emotion is to provide a complex feedback signal for a(n) (synthetic) organism to adapt its behavior; each emotion has a different kind of signaling function; some are about anticipated outcomes (fear, hope) while others are about past outcomes (sadness, joy).
In addition to this we are proud to present the article by Rainer Reisenzein, Eva Hudlicka, Mehdi Dastani, Jonathan Gratch, Koen Hindriks, Emiliano Lorini, and John-Jules Ch. Meyer presented in this special section. It proposes three ways to "standardize" the process of developing computational models of affective processes. Their aim is not to standardize per se, but to improve knowledge exchange within the field of affective computing as well as between affective computing and emotion psychology. They argue that to do so, clarity is needed with respect to how and why a computational model is built. Concretely, they propose to systematize and classify the assumptions of precomputational emotion theories, to formalize emotion theories in implementation-independent formal languages, and, finally, to model emotions using general cognitive and agent architectures. This article nicely addresses the main concern underlying the SEM2011 workshop: how to make computational models of affective processes that are easier to compare and of which the results are interpretable by emotion psychologists.
Joost Broekens holds the MSc degree in computer science from Delft University and the PhD degree in computer science from the University of Leiden, The Netherlands, in the area of computational modeling of emotion in relation to learning processes. He is an assistant professor and teaches affective computing at Delft University. His most recent interests include reinforcement learning, affective computing, computational models of affective processes, human-robot and human-computer interaction, and gaming research.
Tibor Bosse has been an assistant professor in the Agent Systems Research Group in the Department of Computer Science at VU University Amsterdam since 2006. His research focuses on computational (agent-based) modeling and simulation of human-related (social, cognitive, and physiological) processes. The developed models are used both for theoretical purposes (to gain a deeper understanding of the processes themselves) and for practical applications, for instance, in the domains of ambient intelligence, education and training, and human factors design. His extensive publication list (see http://www.few.vu.nl/~tbosse/papers.html) covers more than 150 papers in the major journals and conferences within artificial intelligence and cognitive science, as well as a number of edited books in those areas. Moreover, he is the main organizer of the workshop series on Human Aspects in Ambient Intelligence (HAI), which have been held annually since 2007.
Stacy C. Marsella received the PhD degree in computer science from Rutgers University. He is a research professor in the Department of Computer Science with a joint appointment in Psychology at the University of Southern California (USC), director of Social Simulation Research at the Institute for Creative Technologies (ICT), and co-director of USC's Computational Emotion Group. His general research interest is in the computational modeling of cognition, emotion, and social behavior, both as a basic research methodology in the study of human behavior as well as the use of these computational models in a range of education and analysis applications. His current research spans the interplay of emotion and cognition, modeling the influence that beliefs about the mental processes of others have on social interaction and the role of nonverbal behavior in face-toface interaction. He has extensive experience in the application of these models to the design of virtual humans, software entities that look human and can interact with humans in a virtual environment using spoken dialog. He is an associate editor of the IEEE Transactions on Affective Computing, a member of the board of directors of the International Foundation for Autonomous Agents and Multiagent Systems (IFAAMAS), and is on the steering committee of the Intelligent Virtual Agents Conference. He is also a member of the International Society for Research on Emotions (ISRE) and the Society of Experimental Social Psychology (SESP). He has published more than 150 technical articles. He received the ACM's (ACM/SIGART) 2010 Autonomous Agents Research Award for research influencing the field of autonomous agents.
. For more information on this or any other computing topic, please visit our Digital Library at www.computer.org/publications/dlib.
